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Method

Participants
The participants were 80 first graders from the regular class of an elementary school (40 boys, 40 girls). The age range was from 6-to 7 years old. Consent for research was obtained from the school's principal and teachers.
The criteria for pencil grip
The criteria for optimal pencil grip were based on the model in a Japanese textbook, and are shown in Fig.  1 .
• Three fingers are used to hold the pencil.
• These are the thumb, index finger, and middle finger.
• The pulp of the thumb presses down on the pencil.
Hold position (distance from pencil tip)
When the hold position was 1 inch from the tip of the pencil, it was judged as being suitable. Two unsuitable hold patterns were also identified. If the cone part of the pencil was held, it was judged as proximity. When the pencil was held from the core at more than 1 inch from what is considered suitable, it was judged as distality (Fig. 2) .
Protocol
Each child sat in a chair and wrote a line on A4 paper with a pencil. As the children wrote, each child's hand was photographed with a digital camera.
Survey Items
The following aspects were noted for each child during the handwriting task: 1) The number of fingers holding the pencil 2) The position of the fingers holding the pencil 3) The position of the thumb on the pencil
• The position of the thumb was checked, and it was noted whether or not the pulp of the thumb pressed down on the pencil.
• It was also noted whether the angle of the IP joint of the thumb was flexed too much.
Two therapists, employing the above criteria, analyzed each photograph to determine whether the standard pencil grip was used.
Statistical analysis
The number and rate were computed for each item. A chi-squared test and multiple linear regression were applied to the data.
Results
Grip pattern and gender
As shown in Fig. 3 , about 20 percent of the children used a standard pencil grip.
A non-standard pencil grip was observed in almost 80 percent of the children, regardless of gender (Figs. 4 & 5) .
There was no significant difference between boys and girls in regard to pencil grip (χ 2 (1) = .478, ns).
Three-and four-finger grip
Sixty-two percent of the children held the pencil with three fingers (Fig. 6) .
More girls than boys gripped the pencil with four fingers (Figs. 7 & 8) .
The use of a three-versus four-finger grip did not significantly differ between genders (χ 2 (1) = .471, ns).
Position of fingers holding the pencil
Seventy-four percent of the children gripped near the tip of the pencil (Fig. 9) .
The position of the fingers did not significantly differ with respect to gender (χ 2 (2)= 1.898, ns). The frequency of holding a pencil too close to the tip did not significantly differ in regard to the position of the thumb, gender, and the number of the fingers touching the pencil. However, it significantly differed with respect to thumb IP joint flexion ( p < .05).
Position of the thumb
The position of the thumb did not significantly differ with respect to the number of fingers touching the pencil (χ 2 (1) = 1.083, ns).
Discussion
For the first grader, handwriting is a skill that must be mastered [18] . Regarding the relationship between pencil grip and gender, anecdotally, it appears that boys are more likely than girls to exhibit an immature pencil grip. During the course of this study, it was observed that the rate of girls exhibiting the correct pencil grip was slightly higher than that of boys. When analyzed statistically, however, the data revealed that pencil grip and gender are not related. Pencil grip, therefore, cannot be judged by gender in the sense that "boys have a tendency, more so than girls, toward exhibiting an immature pencil grip." We need to warn school personnel and others against judging an awkward pencil grip as simply a gender difference. Regarding the developmental progression of pencil grip, 3−4-year-old children use a static 3-finger grip, and gain a dynamic 3-finger grip by 4-to 5 years. Therefore, it seems logical to assume that most children should have mastered the 3-finger pencil grip by the age of 6 or 7 years. However, the data revealed that only 21% of the children studied were implementing the dynamic three-finger grip, which was a low rate compared to what was expected. As is shown in Fig. 6 , about 40 percent of the children held the pencil using four fingers; these children were not fully capable of holding the pencil with three fingers. Schneck and Henderson [7] point out that about six-to seven-tenths of 6-year-olds use a dynamic three-finger grip. On the other hand, the dynamic three-finger grip is not used among 6-to 7-year-old children. It is speculated that the three-finger and four-finger grips are intermingled among 6-to 7-year-old children. Factors related to holding a pencil near the tip were not clarified in this research. Future studies should investigate conduct longitudinal investigations from the first to sixth grade. About 70 percent of the children were holding the pencil too close to the tip. This shows that the child is writing such that the characters and the fingers are very near. Proximal hold of the pencil was related to bending the IP joint of the thumb. This is due to the fact that when the cone part of a pencil is held, in order to write well, children have to press down on the cone part by the finger pad of the thumb. Furthermore, the child may lean the body in order to write a character,. It is said that it has a pencil in 1 inch of distance from the core of a pencil [19] . But, the influence by hold of the cone part of a pencil is not described. A limitation of this research is that it was not able to clearly describe the relationship between grip method and posture. Handwriting is influenced by not only finger motion but also the position of the trunk and legs. Therefore, for future research, it is necessary to investigate the relationship between the method of gripping a pencil and body posture.
